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A n  i~ iws t iga t ion  tras conducted in the Lengley iwact   bas in  o f  
the   mter   loads on a half scale model of the XJL-1 hu l l  whose fore- 
30dy has a vee bottom  wfth  exaggerated- chlne f l a r e .  b . .  - _  

The impact loads, rnommts, and. pressures were determined for a 
c range 0-9.laslding conditions. A normal full-scale landing speed of 86 miles  per hour was represented with effective flight paths  ranging 

from 0.6' t o  11.6'. Lending8 were made wLth both  fixed  trlm and 
.d free-to-trim aoufiting of the  flo&t  over a trim range of -13O t o  12a 

in to  smooth water and in to  mves h&ng equivalent  full-scale  length. 
of 120 fee t  and heights wing from 1 t o  4 fee t .  

" 

A l l  data _pi i  results presented in %his report Zre give5 In terms 
of equivalent  Full-scale %lues. SUmmary tables arid i l lus t ra t ive  
plots are  used in presenting the material. 

The following maximum values of load and pressure are those which 
are apropos for -effectfve  f l ight paths l ess  than 6.50t which m e  the 
max5nrum v&1u0 obtained i n  t e s t s  with  the XJL-1 h u l l  model representing 
full-smle bndings'with  Verthal  veloclty of 4.5 feet per second into 
4 - f O O t  %=Vest - 

" 
" 

. .. - 

r The maximum local pressure on the f le t  portion of the bottom is 
130 pounds per square inch which was measured on a 2-inch-ilimeter 
circular  area  near the s tep . -  Tke lnaxFmum local pressure  obtained in 
the..curved  area near the chines is  200 pounds per square inch. This d' 
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The average distributed  preeeures on large arm8 of fb t  pjdt lng 
coqr i s fng  one-thtrd of the semiforebody bottom are about four-tenthe 
cf the maximum local  pressure obtained in the ~ a m e  area. Avezge 
~;rass~~. l ss  on plating intarmediate in s i z e  between the 2-inch-U~sleter 
cit-cular a 3 a s  and one-third the area of the eemiforebody bottoin are 
&?::rox:!mate1S estimated by straight line interpoht lon bet;.:een the 
mx3nrm local  greseure in the -11 area and the average distzibuted 
yresmre on the large a r e  embracing the coneidered  region. 

The mximLmr vertical load factor  i s  6.43 whfch was ob*ined in a 
Imding involvina t h o  step region. The maximum horizontal lmd fac tor  
of 3.66 and tho mximun; rotational acceleration of L2,6 radfm.7 per 
second per second vere obtained in landfnge hvolvlng  the pulled-up 
bDw region. 

It x s  obeerved tkt an increese in wave hetat and also an 
immersion of the revoraed chine resulted i n  an increase in over-all 
mtnr load . ;  whereas fresdom-in-trhn during an W c t  resulted in a 
sliF$t all9viati011 of local loads, prticukrly in bow-first landlmg, 

canpared t o  loads obtained vi th  fixed t r i m  of the f loa t .  

Coneidemble in te res t  l e  exhibited by designers in the 
mpftwle and dletribution of  water load8 which &re Imposed on 'nul1 
bot tom durkg landlqp. In the past, the Langley impact basin h e  
done er tau ive  work in determining the  over-all loads on a stesldard 
veo-bottom f loa t  over a x a q e  of flight pathe. The t e s t% have a l l  
been made i n  m o t h  wetar with tho flat held at a fixsd trim 
throu&out an impsct . 

A t  t he  request of the Bureau of Aemnautics, Navy Department, 
in a l e t t e r  dated March 27, 1945, Aer-E12422-"3K, an inveetigation 
b a  boan conducted of the water loads on the XJL-I float, whose 
forebody has a vee-bottom with exaggerated chine f lare .  Tho purpoae 
cf the inveetiegatlon =E t o  determine the  rmxhmu preemroe, ovsr-all 
lot.de, and momsnte which were imposed q o n  tho flwt dcring water 
impacts. 

The XJL-1 a i r p h  is a B O E L - F ~ B C U ~  a q h i b i a n  which is expected 
to   operate  in conparatively  severe seaway con8itians. Beaauss of thie 
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some of the -acta of the  _float model on smooth water were mad3 a t  
high flight p a w   t o  simulate  landings on the steep-slope of a wave. 
In addition, lanaings of the model  were made- at no%l flight paths 
in to  waves. 

Part of -the impacts Irere. mde with  the float momted free t o  trim 
t o  provide load data mder. conditions as closely representative of 
a c t m l  landings 8s possible,- . . 

. . . "  

The results  obtzined from these tests provfde specific  load date 
. "_ 

fox  the .XJL-l f loa t  and .proride a rough evaluation of the  effect of 
t;ave height  freedon of  trim upon impact loads. 

APPARATUS AND INS-TION 

( A l l  dimensions di ted  in   thfs   sect ion  per ta in  t o  the model tests.)  

The half-scale model of the XJL-1 hull.  used & the tests me of 

.. . - 

all-metal constructipn. The @xuctural menibera in t h e  float bottom 
were the s u e  size  as those  used in the  full-scale  aimlane and were 
therefore  conaidex~kly  overstrength. The vee portion of the  bottom 
had en angle. of dead r i se  of 20° except in t b  DuXLed-up bow region, 
and the forebody was chiracterized by exaggerated  chine f l a r e  which 
extended .from the.  step  to  -the  pulled-u@ bow. 

-The full-scale XJL-1 h u l l  lfnes  are presented in figure I and two 
photographs of the model are shown in figure 2. Other  pertinent 
informtion concerning  the XJL-1 hu l l  ;Ind the  haifxscale model is 
given in table I. 

." " " 
. - .. . 

. ". 

The standard  aypaitue of the -act %&si&. described in de ta i l  
i n  refereace 1 TELS used durbg the   tes ts .  It conazsts  principally of 
e. catapult, a launching  carl-iqge - to  which the  f loat  i s  attached during 
each run, and an  arresting  gear.  addition t o  the  apparatus  therein 
described,  the  present  test  incorporated  the  use of a wavemakar which 
consists of a reciprocatb-g  flapper driven by a n  a i r c ra f t  eng5ne 
through a gear train an& ,crank. The generated waves progressed. at  a 
velocity of approxinrateu 15 fee t  per second in a direction  ogpoaite 
t o  that of the godel. ." -. . 

" . .. " 

The f l o a t  model was attached  to  the  carriage  at .  three points 
during  the  fixed trim t e s t s ,  The two main front  sapport poilrits were 
on a transverse line through  the  locatlon of the  center of p v i t y  of 
the  airplane and 9 inches above the center of gravity of the  f loat .  
The third support poin€  as located about 20 inches aft of the mafn 
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supports and was fixed by a l ink  of euch length a8 t o  Frovide a given 
t s f m  duriw a m ~ .  Wire strain @gee were mounted on t M s  link dur ing  
ssvcral of the fixed-trim mas in  order t o  ~ ~ & B U T B  pitching moment. 

The float wae supported a t  the two main front  point€! during 
free-to-trfm teate. It was held a t  a fixed trim prior  t o  contact by 
rmm-8 of  8 locking mochaniam. After  contact it was f ree  t o  rotate 
about ths traneverse l ine  through the  center of gravity of t h e  airplane 
over a trim range of -6.5O mil 22, 'jo. Beyond those l i x f t e  the float 
wae reetmined  in angular diephcoment by two shock strut8 which were 
ottrjched 60 inches  fore and aft of the main pivote as  shown i n  flguro 3 .  
'Thq btdfer action extended the trim range 5 O  in each direction 
bcfore a stop vas reached. 

A dynaMrmetsr o r  load-meaeuri~ truss wae instal led bstween the 
f loa t  and the carriage support points In free-to-trim  teste a8 shown 
5n figure 4. This tmm was a tubular etructure *-th vertical ,  
horizontal and tramverse mombers oriented so that they were m'hjoct 
to the respective force reactions a t  the support points, W i r e  strain 
gage6 were mounted on the tubos and each instal la t ion waa enclosed 
vithln metal bellows which were hemtical ly   sealed and which contafnod 
e. d o h y h t i n g  agent t o  eliminate excessive moisture. 

TWQ ~traln-gage acceloromters of the ~ i m e  type of coastruction 
w e ~ e  ?lectr ical ly  connected t o  obtain engular acceleration  directly. 
These Rccelarometers were  located on a longitudinal line palssing 
throuyh t h e  main transveree  axis of rotatian and at  a distance of 6 
fast foro and aft  of the pivots. Each acceleKuneter had A na tu ra l  
vane fmquency of 10 cyclea per second. 

A stmdard RXCA three-component accelerometer m e  urrod to obtain 
tho ver t ica l  component of over-all load of the flaet. It had a natural 
vane frequency of  21 cycles per second and a c r i t i c a l  damping of 0.8. 

A similar accolerameter -8 used t o  mamm horizontal  accelemtian 
of the carriago and float from which the horizontal. component of the 
ovcr-all load wa8 computed. It htLd a m e  frequency of 13 cycles per 
8QCOlld .  

The i m t m e n t e  used t o  meamre horizontal and vertical die- 
placcmnt anT* horizontal and vertical   velocity were the 6ame etandard 
inertruments dcscfl-bed i n  roference 1. 

A control-position  transmitter was adapted Lo the besin equipment 
t o  maawe angular displacement as ahown in   f igure  5. 



I 
I 

I 

" i 
! 

5 

t 
Sixteen  igduction-typs  electrical pTeeaure gages were used t o  

w-sasure water preasure on tho bottom. Their locations are indicated 
In figure 6 and Bpecified in  table II. A photograph of several of tho 
gagos.in.placq  in  tho hull battom is  given in f F g G e  7. The measuring 
?it_chra@ of each gag0 m s  1 inch in  diameter and had EL naturcl  
frequency of 500 cycles per second. It reacted' linearly over a range 
of 0 t o  80 pounds per square inch. 

., 

. .  

An e lec t r ica l  mve moter was located on tho side of the tank t o  
obtain  approximete.tve  profiles. It consists of a number of 
clcctricol contacts spaced et 1- inch inkrvals on a vertically 
Irou-ztcd. s t e e l  tube. The wetting of successive  points  with  the rise. . 
and f z l l  of the  water lino with time was indiceted-on a record 00 
tbt an fncremental t a e  h i s to ry  of the  vortical  displacement of the 
mp T ~ S .  provided. - " 

" . - ~ - - - - "" - . _  - - ... . .  - . - ' 

- . .  . 

TEST .PROCEDuHE 
-. . -. - 

. .  " .. .. . 
- - 

The t o t a l  model weight ranged from 1680. to 1800 pounds which ' 

corres onda -bo :a .groaa wight .of tho fu l l - s ize  airplene of 13,440 . 
.to 14, E 00 pomde. The mss of the model WEB distribute& So that   the 
scaled >!itching gmmnt of iner t ia  of the  airplane was naintained 
awing free-to-trim  teats. 

During thG  -Immersign pro.ces8; the weight of the  nodel was countar- 
balanced by a l i f t  engine so that a wiq l i f t  of lg was simulated 
throughout the m a c t s .  

- 

The test  conditions which  were investigated arc given in table 111. 
The range of  the effective trhs which was covsred was from- 015' to 12' 
and the rango of 9 light paths which was covered was from 0.6 t o  6.4O 
with a f o m m d  speed coyresponding t o  a full-scale  hnd2ng  sped of 
86 miles per hour. Two m s  were =de at a forward speed lover  than 
the-  scale speed in  ordsr %o obtain flight $aths of 11.20 and U. 6O. 
Those m s  wera =do. et fixed trim of -3O end Oo and simulated 
la" on the flank of a wave-at n o m 1  flight path. The generated 
Mves uaod in a l l  $ut oie  r u n  of the   rough-mtp  tes ts  wGre . 

rapresentative of f'ull-scale wave8 120 f ee t  in length and a p g r o m t e l y  
one t o  4 feet in height. . . .  . 

The general t e s t  procedurc, as described In de ta i l  i n  reference 1, 
consiste of placing  the  launching  carriage bearlng the test float i n  
Tiring  -pcsi_tion, mtapulting the  cerriage, tr ipping the. dropping weight 
mechanism eo that   the   f loat  falls fpeely t o ,  conkct   the water at  a 
given velocitr .  impact W-es.place, and rim*, the  carriage is 
errested. . 
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The t e s t s  were divided in to  two mln p a r t s .  The f l r e t  portion 
zclnsiet,sd. o? 1v118 =de with fixed trim mounting of the float into 
bot.h nrnooth water and wave8. The second por t loa consisted of IZL~S 
mCe with free-to-trlmmounting of t he  float in to  both smooth water 
and YEVBS. 

A l l  data obtainod during the m o d e l  t es ta  have been convcrted to 
aypl.y to the full-size airplane. The mgnitudes of the different 
veriablae are considered accurate -&thin the following limits: 

V e r t l c a l  displacement, inches . . . . . . . . . . . . . . . .  
Horieontel velocity, feet  per second . . . . . . . . . . . .  
Vei-ticalp-elocitg, fcot per  second . . . . . . . . . . . . . .  

ccceleration to accelcratlon of gravity . . . . . . . . .  
Angular &ccsloration, rr;dlena per eocond per socond . . . . .  
Pressure, powzds per square inch . . . . . . . . . . . . . .  

Vert ica l  and horizon-kl acceleration, mtio cf measured 

R G B u l t a t  forcop ~OI&.S . . s . . 0 m rn 

Anelnr dlqd.acemcnt, dcgrem . . . . . . . . . . . . . . . .  
Wme Liei@t, feet  . . . . . . . . . . . . . . . . . . . . . .  

V velocity, foet per second 

. w.5 . "5 . f0.2 
hO.3 
f2000 . A0.5 
, 33.0 . f2.0 . fO.l 

p englo of dead r"so, degroee 

p mss demit7 of water, 1.972 slugs pcr  foot 3 

ni impact load factor ,  multiples of qmuity 

(d angle of line of action of F, with respect to the vortical, degrees 
* 

d ver t ica l  dieplacomcnt, inchcs . 



2 
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pitching-moment pf  inertia  of  airplane aroGd a l q l a n e  center ai? 
gravity, 19,410 slug feet2 . . . .. . - . . 

" 

arm of F, respect to aimlane center  of  gravity,  feet 

horizontal distance of point of application of F to aiqhne 
center-cf  gravity,  feet  (determined gmphlcally  from d~.+&) 

water  pressure, pounds.per square inch 

angukr acceleration, raitfaslcs per second 

pitching  moment  around  transverse ax is  .throu& airp3we center 
of  gravity (&I = Ioa = FZ + moment  due  to float c.g. being 
o f f m t  from airplane c.g,), pound  feet - 

. 2 

wave incljlne (at poiat of oontact)  to  horizontal,  degrees 

Sulmcripts: 

v 
b h 

e 

in verttcal  directilon 

in horizontal  direction 

- 
- 

- 
- 

effectiye,  referring to plane of water  surface 
to  water  surface) 

" . . .  
. .  . -  

normal eo keel at step 

time of contact 
- .  . . " " . - . "  

referring  to keel line at atep 

(ve is normal 

I % E S ~ A T I O N  OF RESULTS 

The  results  of  th6 tests are presented in %he..fomn of tables and 
illustrative  plots.  They  should be considered to e p p u  directly to 
the  speciffed t e s t  conditions. A l l  results have.been  converted to 
apply-to the  f"l-scale .airplane landing at a horigontal velocity of 
86 miles per hour. The convereion  factors used for the  different a 

.L variables  are  listed in table I. 
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MeLximxm local pressures f o r  a l l  of the wetted  preesure qage 
sC,atiou ir. each ru~l are preeented in &%le TV. An envelope of these 
m::*.mm valuee obtained during the   tes te  1s presented i n  figure 8(c). 

Imsmuch as the limited number of preseure i n s t m n t e  were w-idely 
ecrzttered, inhrpahtion and &rapohtian of data mer require& between 
tno mawed values and beyond them to obtain a plausible pressure 
diGtribution over the ent i re  wetted area of c-aoh considered Impact. 
Thie was accomplished by assuming that the  pms~uro  iListribution in a 
transverse line and in a longitudinal line maintaFns the genela1 
e h q e  011. the f lat  portion of the bottom with change in time o r  depth 
of immersion dur- any partfcular impect, Also use -0 mde of the 
fact that the mtor-Uno pressurca decA-eaee wlth irranersion pm- 
portionaUy ae tho square of tho  decreasing  volocity of the water 
normal to the k e d .  

a g e s  4 and 5 gages LO and IL (see fig. 6) are syllpnctrica- 
spacod and i n  tho absence of pressure reeul ts  from om, pressures on 
thc symmetrical gag0 are substituted. 

The maximum horizontal and vort ical  impact load factor8 which 
~ ~ 1 - e  ob*Ained are presented in table V. The maximum resultant bade 
a;id W l a r  accelemtima vhich were obtalmd are given in tablc VT. 
The pitch- mamsnt as l ieted is t h o  product of tho messur-ed angular 
acceleration asd the pltching moonent of inertia of the airplane, 
10,410 slug feet eqmred. 

T i m  his tor ies  of trim, engulnr'acceloration, resul-knt form 
w2.t.h I t e  horizontal and ver t ica l  compononte f o r  the ten hoavieet 
impacts w i t h  f r e o d m  in trim, are given in f igurc B 17 and 18. 
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DISCUSSION - .  OF FSSUI3S 

Water Pressures 

. .  . . _ _  . .  . 

Tho water pressures which were Snvestigated f a l l  in to  two general 
c:.c.saificatio&. . The first fij?je 3 the  local  pressure such as was 
sustained on the small circular  area of the pressure Sge   d i aphrae .  
Tae second type m y  be called an ave-mge distributed  pressure. T h i s  
i s  defined as th6 t o t e l  water  load imposed  on an area, such as between 
bumeads,  dfvlded by the area t o  g'ive an average pressure which -is 
considered t o  be evenly distrfbuted over the area. The l a t t e r  type is  
the one most pertinent t o  bottom pla t ing   dea is   s ince   the   loca l  
pressures -are direqtlg  appiicable OG t o  areas oTXbout fj  square 
inche 8 .  

- - 
" 

Local pressul"e8. - The envelope of the maximum measured local  
pressuresqresented in figure  8(a) is based on the  results @-pen in 
table IV and covers a l l  of the   t es t  conditio=. In using it t o  define 
the recommended local  pressures for hu l l  design ce_rtain alterations 
are  in order, 

- " 
-, . " 

- 

For instance, the local  presaureEIthat were G'bfained near t h e  
keel in the step reglon  are recommended for use from the  step t o  the 
bow region. Thia i s  adviaable because i n  landings- in waves it is 
poseibJe. to   obtain -=3iaJ igpacts anywhere along the. forebody keel. 
In t h i s  case  the  velocities of the impinging ste$Fnormal.to  the keel 
and, therefore  the hcal pressures mywhere elong .the forebody keel, . 
may be as great  as-t-hasa yQich exis ts  .. in.  the.  step r>gion. . -2 

Furthermore it i-s azparent that a reduction in the pressuree 
shown in figure bra) on the  chine arm of the fo-rd half of the- 
forebody is permissible.  This is obvious from th6  free-to-trim 
resal ts  which do not  render as high  values in- this=-  region a3 those '. 

obtained'in  fixed-trim  tests. -A$pa-rei-i%ly, the hydx0-c  moment 
which arises i n  e. bow landing resul ts  in an increase in trim so that 
the foGa chine area.  IS never- heavi-a i&ded. 

This-alleviation in  local  pressures due t o  freedom in t r i m  does 
not extend to the  keel  region, for the bow pressures  obtained in  the 
flxed-trim  tests in that region were equaled or exceeded jll free-to- 
trim runs -in Prhich the bow entered  the .flank of a Wave. -act 2 is 
an example, i n  which a sustained l o c a l  pressure of .72 pounds per 
square  inch was indicated on the extreme bow gage _number 16? During 
inpact 1, which was also a bow -act, no pmssure record m a  
available but .the  overstrength-keel at  the- bow wae noticeably dented'. 
No such failure  occurred in any other impact so that pressures 
L 

I 

I 
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stsr than any of tho  racorded  pressures i n  the bow rcglon am 
!j+Lijed. Therefore,  the %ow pressures w3ich were obtained mer tho 
I..:- L 1 i n  fixc-d-trim  teste on g ~ t g o ~  numbers 14 and 13 which am 
.;riJacent t o  tho e x t r m  bow gaga a re  rocommended as 'Doing valid f o r  
dt:Si@i pUrpQ808. 

In  accordancc wlth thosc observations, fiqure 8 ( ~ )  is altcrod t o  
p?ovida an cnvolopo of recommended locs l  pressurcs. T h e m  so-callod 
rccomonded design proaaures, which are present& in flgurc 8ib) may 
blt consfd.cred as tho mmirmun local preemres wfiich are likely t o  occur 
i.n the oper&ting  conditions of saamy, trim, tmd flight path  covsrcd 
by theso t e o t a .  

Averace pessurr;.s.- The E V C ~ ~ ~ Q  Cetributod pres~ures whfch a r o  
ultimately sought for -desi@ pumoaee are thosc  values which should 
bi: applied to any s t r l n ~ e r  or section of plating t o  provide  the maxinum 
I.md t o  which the atmcturc  should be designed. Thc principal loadcd 
;-%:gion which is of intorest fa  the flat voe portion of the forebody 
bottom. 

One m @ & m  of dotsrmin i rq  thGSe average dlstributod prensums f o r  
my desired area is to osteblieh the relationship bctwmn th6 avorage 
distributod  pressurns which occur on the  wetted arce at  thus of mnxirmun 
forcb In an i q a c t ,  t o  the maximum local proselu.cn which worn regietcrcd 
during tho impact on the portion of tho flat p l a t o  being considsred. 

Four Impacts havine; trims of -3O, Oo, 70, and 10' am studied In 
r lc ta i l  REI typical oxamplea ehowing the grovth of wcttc-d a m 8  ard the - 
thengo in thg water loeding dietrlbutlon on the bottom during c ~ r  impact. 

Tho intorpolations and extrapolations wbich w w c  mdo in  forming 
- 

*:he thiw-dheneional plote, given in. fi&u?338 13 through 16, are 
luntificrd by camparing t h e  integratod  prosmrcs wlth the mcesurcd 
o v ~ r 4  h d a , a t  tho tlm of Wmm force, as noted on the plots. 

Tho agrcemnt was found t o  be eatisfactory. 

Those plots  are wed in estimating t h o  average distributed premure 
on the w e t t e d  p a r t  of t& flat  ~ o r t f o n  of tho.bottom at tho tine of 

distributed preosuros for the somifor6body aro listed In k b l e  VII. 
It was found thRt ths avorage dfstributcd prcesure a t  tine of m x l m m  
fmce was about f o u r - t m t h s  of tho mxfnum l oca l  pressure which was 
obtained. OR tho  flat portion of  the bottom durtng i q a c t .  

overlan load Thc affected area8 and tho camputed averago 

Using t h i e  rolatjonship, figure 8(b) l a  then used to  estimate the 
agpmxirmte dosign valuo of avorage distributed prcssure wkich should 
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be applied t o  a q  area of bottom plating intermediate in   s i ze  between 
the SEE 11 circular arm and the  lerger areas which ere loaded, a t  time 
of m x i m u m  force . i n  a i  impact. 

The area of f lat  plate  which is 'loaded a t  the  time of meximum 
force is generally-about  one-third of the  total   of-the forsbody flat 
pl.a-t;e area  or.about 1500 square  inches on the.  saforebody,  This I s  
arb i t ra r i ly  t e e n  as the mean wetted area on the kWXLforebody t o  which 
the  average  distributed  pmsaures, which are four-tenths of tho maximm 
local  pressure in that vetted re@;lon, epply. 

- 

If. it is desired  to  find  tho recomnended desi@ value of the 
averaga distributed  pressure on a pzmticub.r  section of flat plating, 
the maxlmuzn l o c a l  desi-gn  gressum f o r  that area is obtained fron 
figme 8(b) and it applies  to an are& of approximdeb 3 a p r e  . 

inches  (the area of the  pressure-gage  diaphrae) . The average 
distributed  pre.ssure f o r  a 1500 square inch. area iii which the  considered 
f la t  plating i s  centrally  located is 'computed by taking  four-tenths of  
the mximum local gresaure in the  lorger region. A linear  interpolation 
is then made to- obtain  the  ,avemge  distriliuted  pressure on any area 
intermediate in slze betwaen the 3 and l~ . l .q&re- inch  .arms; ea& 
an extrapolation is =de f o r  an area"peatar than 1500 square  inches. 

. -  

For example, if  it is required t o  specify  the  average  distr-ibuted 
pressure on an arbitrary  area such a8 that cross-hatched in  figure 8( a) 
the  suggested  procedure is  followed. . The rc&imwn %tal Besign pressure 
ia this   area is 80 pounds per  square  inch (which apylies to 3 
square a c h e s .  of plating). The IIlELxlmum local  design  pressure i n  the 
1500 square in-ches within  which-the  ?rescribed m e a  l i e s  is 130 pounds 
per  square  inch. . Therefore  the average distributed  design  pressure is  
40 percent of 130, or 52 pounds per  square  inch. .The area of plating 
with which We are conceined is 640 square inches agd the  corresponding 
interpolated  average  dietributed  pressure is 15% 'pounde per  square  inch. 

The procedure m y  be varied s.lightly when usiFg f i w e  8(b) t o  
. " 

determine the average  dietributed hresbure on longitudi-1  strips. . 
Instead of interpolating in t e r m  of areas,  the  interpolation may be 
made on the  basis of wetted wid-bhs. The reaaon for t h i s  is that the 
cited figure was evolved  from.measured.loca1  preaswes on three 
lor@tudinal r o w s  of pressure gages, wch row lying on a s t r i p  of 
p l a t h g  2 bches  in width. . .  

For example, it. is  desired t o  specify  the avorage distributed 
pressu-re f o r  the  design of i r n '  8-dnah etrfp &@ben% to the ked 
an& extending from the  boir t o  the'  step. The design pressure for   the 
2 - imh strip  'adjacent t o  the keel is- the avokageiof. the local 
prsssures prwsented in  f igure 8(b) o r  E O  pounds p6r square inch. 

I 

! 

! 
I 

I 

I 

I 
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E"3 fiesim  value of avemce dletrfbuted yreesvze on R 7-Inch ptrip 
d.Jacent t o  t he  keel with an area of  lEj00 square  inchea is  a@n 
52 pounds per square tnch.  Therefore the extrapolated average 
dietrjbuted preseure for   the design of the  eight-Inch strip is  
38 gounds Fer  square inch. If the  extrapolation is =de on the 
baeis of amas, ae  in the first example, a slightly hipher vahe, 
of 41 pounds per sqtmre inch, j s  obtained. 

Thie sug.ymted  procedure of interpolation  or extraaohtron 
butween or  beyclnd local prcmeuree and average dlstributecl pressurea- 
;..LcvI?ee only a rough ayproximat:on of t h e  desired design ~ressures 
on an &rea. The prefembls mathod of betermin ing  panel l o a d s  would 
l a  t o  i m e r t  measuring m e l a  of  various efzes in dlffcrent  locatione 
sc aa t o  maswe t h o  loads direct ly  over a range of teat  conditions. 
Irl the absence of auch instrumentation, the local preseures meaeured 
by the  pressure gages have beon Interpreted as discuesed in ar, sffor t  
tr.r prcvide an appmximtlon of tho loa& which should be applid t o  
different partione of the XJL-lhull  bottom, 

Tha afterbody l e  not  conefderod fn de ta i l  because It usually 
l i e s  in tho foreborlg wake and therefore i s  not subjected t o  very great 
loads. The average distributed  pressure on the afterbody may be 
assumed t o  be one-half of the  afterbody m~~~imum loca l  preesure, f a r  
coceorvativs daeign. 

The I& factors which are presented in table V epecify the 
mgnltudc of the inertia lo6.d which must be considered in  the design 
of concontmtcd might RuTports, such as engine mount, p f lo t ' s  seat, 
attachmnts, etc., and are pertinent  in o-r-all h u l l  befgn. 

Tke m~~inaun ver t icc .1 load factor was 33.98 which was obtained in  
P, run wl.th fixed effcctive trim of 0' and with an ef'foctivs f l ipat  
96th of 11.5'. The impact  elnrulatod the flat contac t  of t h e  float 
aefnat the flmk of 8 wave .. 

Thc lnaximum horizontal load factor =a 6 . 8 ~  which waa obtRinad 
ir, a run with  fixed  effective t m l m  of mge.tivo 3O and an effective 
fi! *:ht, *th of l l . 3 O .  The impact eimlated e bow impact against t h e  
fknk of a wave. 

Both of these m e  appaar t o  'De repreaontatim of full-scalc 
Izndings in to  waves if  In such landings the peak load I s  reached  bofore 
tho trim chmgea appmciabxy. However, the data from this t e e t  are 
t.oo llmittvl t o  vorifg or  disprovo thi6 postulate.  . , - ,  



i 
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I 

The applicability of the  lqads f o r  desi@ pUrrposes also depends 
upon the  probability of effective  fught  paths of ?bout 11' being 
reac!md a hnf~ings  in waves. ~n examining table 7, it 16 seen that 
no f l tgh t  paths of greater than 6.5' were reached in forebody Impacts 
in  waves with freedam of trim of the float model. Therefore, t h i s  
f l i&t path i s  taken as the upper Unit like* t o  be reeched in the 
spec i f ied   seamy  cos t ions .  , . .. . .. ." 

The Illaximrzm w r t i c d l  loed factor  obtained in  .this scope of 
f l ight  paths was 6.48 which m s  obtained in . a n  impact involving  the 
step  region. The na3;im?un horizontal load factor was 3.68 which m a  
obtained in a Bow i q a c t  in ,&-foot, waves. 

- 

. _ .  . - 

In landings i n  higher waves o r - i n  hard impacts with lowor 
horizonhl  velocitF (such e s  those  folloflng a bounce),  higher f l i gh t  
paths would be reachad and the  higher loada reach& in the  fixed  trim 
runs might w e l l  bo equaled. O n  the other hand, since  tho resultant 
veloc'ity is less,  the peak Loads would bo accordingly less. 

Therefore, for the  parts of the test moat representative 02 the 
- " 

a c t m l  landing  condition  (with  the e$- free-to-trim in  imgacts 
i n  4-foot. waves), tho lower values  ;obtained et fl ight  paths less t h e  
6.3' may be  .taken  aa  the kaxircrq desi@ %lues. 'The higher values ' 

obtained a t  higher  paths may be used f o r  more severe lending 
conditions such as. are represented in impacts 4, 9, 14, and 15. 

The e pitching  acceleration was 12.6 rcdians  per second 
per second, which was obtained in a bow impact,  vhxle the rnximum 
diving acceleretion vas 8.5 radians  per second per _aocoN, which 
vaa obtained in  an aftsrbody met. 5 .. 

The. d u e s  of.&gular acceleration F d  var t ica l  and horizontel 
load  factor mar be coupled disregard- phase relationship for a 
conservative  dssign of -dif ferent structural compownts. The appropriate 
valuee of effective t r i m  which are given in table-V may be used t o  
convert  the  horizontal aql verkical components of load  (given i n  
tables V and VI) t o  drag and normal components. 

" .  . .  

By s t u d y i n g  the time histories of t r i m ,  engchr ecceierati- 
load,  given i n  figures 17 &nd 18, the phase. relationship between ' the 
several measured quantities may-be e s t m t e d .  For instance, it is 
evident that the maximum ver t ica l  lozd factors do not accompany the 
maximum horizontal load factors. Also, the maximum an@-&r- acceleration 
usualQ lags the- mzxirrmm vertical   force.  

. .  

- 
. . . - . - - . . . . . - . . -. . .. - 

i 

I 
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Coxparison of Eqorfmntal 

Results  with b p c c t  Load Theory 

It l e  of interost to note whether the  preseures and loads vaq 
i n  a mmner doffnod b ; ~  current impact theory. If a-gproxlmta agreement 
oziets  the pressurns o r  loads f o r  condftione othor than thosa invoa- 
t . i ,qtcd m y  bo computed i n  the nmmr de8crlbed in  references 2 end 3. 

l h q e r  deduccd m oyuathn for t h o  mxlmum local  pressures on veo- 
b o t t o m  floats, in torme of initial velocity, as given in rofercnca 2, 
formula ( 6 ) .  ThiR formula h e  been al tered for w e  of' inetantanems 
vt loci t ioe to climinato any qucstion as t o  the accuracy of tho f o m k  
when in i t i a l  Pcbcitiee are used, as discuesod in the referenco. The 
modified equation 18 

Impacte which fnvol.ved princlpelly the prfErmntic section of th6 
forcbody are used in the cornparfaon which is proeentcd In fifiurc 19. 
It, is  found tlzat elcperimental lnaximum l o c a l  proeoures on the flat 
por-ticn of t h o  bottom approximately agree kdth those computed using 
ea.vation (1) and hence this equation may be used t o  do temno naxfmum 
l O C l l l  ? i % S E W S .  

Maxirmun load. fcctora &ro defined i n  reforonco 3. In figure 2 of 
t h i s  rcfercnce a load-factor coefficient is plotted  aepfnst flight 
pEth, Substitution is made for weight, t r i m ,  doad ri8a, and. volocity 
Rnd tho cbpproprizto load fkctor is obtainod fmn thc load-fdctor 
coefficient for the differcnt flight pathe. Tho dofimd vulws are 
caquted on t h o  basis that no chino curvature o x i s t s  end a compnrfeon 
of dafinad and oqxmLmnta1  l0ad.a is prGsented fn figure 20. 

Tha rue&sured loads are found to avcrago &bout 50 percent greater 
thnn  the  theoretical laxla. This is because tho rmxlmwn m a m o d  loads 
accurrcid rf'tor chinc fnrmereion. However, i n  vicwing tho general trcind 
of the load variation with flight path 8s eiven in figure 20, the 
relationship dcffined i n  refcronce 3 is observcd to be qproximtely 
f o l l m d .  

Loads for  Impacts wlth chinc immereion having dlffsrcnt flight 
pcths, trim, or velocitice from the me8 1nvestigc.tcd m y  be computod 
by ueiw the proper vetluee in figure 2 of referenco 3. Since the loads 
on the x3L-1 were 50 percent greetor that t h e  thocruttical lmds t ,hie 
m t i o  ehould then bo appliod t o  obtain the desired locd factors. 

. 

1 
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Since much of the data was obtained f r o m  runs made with hi& 
flight path  into tmooth water for sFmula.ting cor&& on the- flatik of 
a Qave, it is desirable t o  compare these runs with  corresponding 
impacts in waves. 

-. " 

A comparison of maximum local pressures anh l.oad factors   for  
se-reral runs having compamble effective trims and-effective  velocities 
of pgnetratioii at- time of contact is .presented in tab le  VIII, 

I n  examining the  pressures on the gage which-ins  wetted  just 
efter-  oonhrit of .the. hul&-fgage 17 in  impacts 7 and 8, gage 3 in other 
impacts). it i_s c&served._tbat the  pressures were apgroxiaateu.  the ' 

sane i n  cdmeBBordfng runs &de in smooth'water i n  waves. As the 
f l o a t  penetrated  deeher  the  corresponding  pressures on the  other gages 
were 3nf.&ir_agreement  except in impacta 36 eqd 41l.b which case  the 
recorded  chine  pressures  are'  cojosiderebly different.  This lack of 
agreement is attributed t o  differences in loca l  velocit ies a t  the . 
time the chine gages .were wetted. . . .  

" "_ 

. "  

The impacts i n   t ab l e  VIII. a lso  bave cowarable  wetted  areas at 
time of miraum irmmersion.  Hoxever, in impacts  such as 14 an& 15 ' ( s e e  
tcble IT) where the  wetted  areas are appreciably  different a t  time of 
m x i m u m  immerQion, poor.agreement is evident between pressures on 
corree-ponding gages. - 

- 
_ .  

A sketch showing several rough-water wets -iaving the same. ' 

fliat variables a t  contact but having different  wetted  areas a t  time 
of maximum immrsion is presented in f i p e  21. A s  indicated  here  the 
later  stages of the -act wou-ld be expected. t o  be. conaglerab.u 
different-beciuse of t h G  variations ~n local  Velocities,' 

The overall loads in amooth water an& i x ~  the  corresponding rough 
water runs are  found, by tablo ~ I I ,  to be i n  good: agreement in   cases  
where the  wetted  areas  are  approximately  the same. 

Therefore, it is aFparent that one of the  principal  factors 
entaring the load  picture  with  the  introduction of wavee is the  area 
involved. 

i 

I 

I 

i 
! 

! 

I 
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Pffect of Wave Height end Wavs Length 

Over the range of %+avo height8 used i n  the teat8  thore is a 
:;..:.finite inmnse Fn reaultant lo& wlth  increased wave hei,@t, as 
: B zvident in   wp.cts  33, 30, and 21, and i n  6 ,  8, end 3. Also, a8 
observed In freo-to-trfm teste ( I q a c t s  1 and 11, f o r  cxaxxplo), the 
danger of  eevare bow inrpecte e r o ~ e   i n  k12dings i n  wavce. 

The data ere  not adequate t o  eetablish  the  effect of the wave 
hr.-ight t o  wave lcn- r a t i o  upon wi?ter loeds. 

Effect of  Freedom in Tr im 

Since part of' the data wes Obtained f m  fixed t r i m  teats it l a  
important t o  datormir-e thef r   appl icabi l i t~   to   ac tua l  hndings w3th 
freedom i n  trim. 

Thia is dom by comparing data from fixed-trim runs witb data 
from free-to-trim having approximately the sem t e s t  variablos. 
Thjs cowarison is  proemted in  table 19. 

It f a  found that the over-all lcdsd factom and local presmree 
a m  in good apeeltlent except f o r  the pressure i n  ths  chino rcgion 
mar t h o  etep (*gee 4, 6 ,  and 7) . AB previously mentioned ( in   the 
diacuesion of local prossure), the results fram frce-to-trim  teats 
j u t i f i d  the selection of recoxunended design values of pressure on 
ths f o m r d  portfon of tho chine s tr ip  below those obtainod In fixed 
trim teste. 

The discrepanqr In chine pressuras mar t h o  stog as sham i n  
l - ~ , b l ~  IX are compeneatod for 'by two free-to-trim runs ( m e  41 end 18) 
i n  whfch high  prsssuros =re mgieterod in this region comparable t o  
t h e  fixcd t r i m  reint1l;s. 

Rcr obvioue effect of rotat ionel  velocity superimposed upcm the 
centcr-of-graviQ velocity l a  apparent i n  the moamrcd wester losds.  
However, t o  ncclrrately  eutablieh arq effect would roquire a careful 
coq6rieon of the timo historice of ell vhriebloo m.nd thie is not 
juet i f ied In an experimental  inmstigntlon of mximum water londs 
ouch as the  pmoznt t c s t .  
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Effect of- Reversed Chines 

. The comparison of experimental lo& .factors with  corresponding 
theoretical  valueEt given in   f igure 20 is a clear  indication of the 
increa6.e in load caused Iy chine Immersion which .accoqanies heavy 
impacts. -. - 

" 

- -. - - .  . -  

I 

! 
The effect  of  chine  inmeraion upon local  pressures on tkie f la t  

vee portion of the f o r e b e  bottom is shopm in table IT. I n  
-runs 7, 14, 19, 23, 24, ' 29,, and 49, tho  local  pressure on the flat 
plate  near  the  .chine (gage 4 or 5 )  was gree;ter  than  the  local  presmre 
near  the  keel (gage 3) . " 

- 
For a standard me-bottom float with no chine flare the velocity 

of pefietration  decreases  with  increasing Immersion and the local 

I 

I 
! 

The reason for the  higher  pressures on tha 9lgt-g  near  the  chine 
of t he  XJL-1 hu l l  is demonstm%ed in  figures - 9 a d  10. Gages 5 aiid 11, 
vhich are located  adjacent to the cmVed chinej and gages 3, 9, and 14, 
which are  located along the  keel,  register two dis t inc t  peaks, which 
are  labeled (1) ana (2) on the.  plots. The first occurs as the water 
line paeses o v a -  the .  gage and the second occurs a br ief  pertod .of time 
af te r   the  chine gage at the same station, gage 6 o r  E, regis ters  a 
p e e .  

- - - . " . - . . " - - - - 
. . . . . -. " ~ 

- "" . 
. .  . .  - 

.- " 

I 

! 

I 

On gages 5 and'11, the second peak is higher- than  the. first peak 
and in  f igure 9, the second peak on gage 5 even exceeds the maxirmun 
pressure  occurring on ggge 3, while in- figure' 10 the second peak on 
gage 11 sxceed~ the  pressure on gage 9. Apparently t h i s  was 
the case in the  cited impacts in  which the pressure-w-ithe flat plate 
near the chine exceeded that near the  keel. 

I The second pedw are a t t r ibu ted   to   the   e f fec t  of a shock wave 
induced by high loca l  pressures in  the  reversed chine pocket which 
affects the bottom area d f t  of the water l i ne  and toward the keel. 

- " . - , . . . . - .  . .  

Ik runs , in which a change in  triin takes place during the immersion 
process  the  effect of tfie shock wave I s  coasidem.s?-&  reduced,  though 
not eliminated. 

I 

I 
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The recommended m x i m  load and pressure msulte  which are 
s-u;;marized here are apropoe f n r  the most eevwe condition i n  which 
i;he F a - 1  hul l  i e  expected t o  oporate. Them severe operating 
conditione are, specifically, thoee encountered with the aiqlana 
k!nding a t  a forward speed of 86 m i h a  per hour and a ver f ics l  
velocitr of 4.3 foct per eecond into mvoe 4 feet In hotgbt 
snd. L20 fe& in  length. 

In the free-to-trim model t e a t s  wblch m e t  Cl08dy  represented 
thcse epucific  conditions,  wtth an effoctive trim r a g e  of -15O to Eo, 
the maximum effective  f l ight  path WBE 6.5O anrl t h o  corresponding 
molxinrm a l l - s a l e  velocity of ponotratlon is 16.6 feet par second. 
These va3.ues are tho l i m i t s  for which the following rsaulte apply: 

1. Tho =xinun local premnes  on the f lat  portion of tho hull 
(fig. a(%)) vary from 130 pounds per square inch a t  the keel  noor the 
s tep  t o  tLbout 70 pounds per sqmre inch at the kcol near the bow. 
The maximwn l oca l  p m ~ s u r o ~  decrease in a transvcmo direction ';o I 

about 30 poun&s per square inch adjacent to   the curved chine in tho 
step regfon and t o  &bout 60 plrrunds per square inch at the f o m r d  
stfistion  near the chine whero the prismatic section ends. 

2. The naxlmum loce.1 prosewme In the curved s t r i p  at tha chine 
mry from 200 pound8 per square inch noar tho stcy, to 10 ponds par 
square inch in  thc forward half of the forcbotiy (fig. 8(b)) . 

4. The lnaxfmum ver t ica l  load fector  is 6.46, which m8 @'btained 
in an impact involving tho step region. The maximum horizontal load 
fac tor  ie 3.6g, which was obtained i n  R baw impact. 

5 .  The mimuzn pitching acceleration I s  12.6 radians per second 
per eecord while the xr~ximum diving acceleration i B  8 mdiana par 
second par second. 

The apecific test relarlts presented in  the report  as interpreted 
in the diecuesion of reaulte also provide certain qualitative 



information regarding loabs and pressures. These qualitative 
observatrom  are  applica3le t o  the IGTL-1 hul l  over the range of t e s t  
conditions oovered, asld.are as follows: 

1. The maximum local  pressures on the flat vee portion of the 
hu l l  bottom are  ayproximately in agreemzt with theorstical  values 
obtained by using Wa@perts formula, given in reference 2, altered t o  
apply t o  Instantaneous velocities. 

2. The average  distributed  pressures on areae comprising one- 
third of the semifore5ody f la t  plating are about. 4% perc.ent of the 
maximum local  pressures in the same reglon. The aTerage distributed 
pressure on any given area of f la t  plating r n ~  &-obtained by Enear 
interpolation o r  extrapolation between or beyond the maximum local 
pressure  in  the  area and the  average  distributed  pressure on the 
larger area (equal t o  one-third of the semif orebody f la t  plating) 
&thin which the  considered  area is centrally  located. 

3. The maximum loads are  .found t o  occur a f t e r  chine immersion 
a d  exceed by 50 percent those obtained with a sk-ndard Tee-bottom 
f loa t  f o r  the same test  condition, as presented In reference 3.  

4. It is observed that change i n  trim during a n  impact has 
l i t t l e   e f f e c t  on peak load  although slight local  load alleviation is 
apparent in bow la3ldings with freedom of trim as compared t o  the 
similar impacts in which the tr im is fixed throughout the impact. 

5. It is also foiand thet -an increase in wave hei&t  results in 
an increase in load factor. 

Langley Memorial Aeronautical Laboratoq 
National Advisory Canrmittee for Aeronautfcs 

Langley Ffeld, Va. 

Aeronautical Engineer 
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XJL-1 FIMT DATA 

T 

&am at aaSn rtep, in. 
Angle betwen forebody keel aab bsse line, deg. 
Angle betveen aftex%* keel a d  W e  Une, dog, 

Height of nsin etep at aentrotd, In. 
Center of gmwlty forvsrd of centroid of mln rtep, In. 
Center of m v l t y  i o n a r b  of point of rain rtep, In. 
Center of grsvltr  above tame Une, in. 

Angle Of dead r i8e at Step, &g. 

scale 

T 

Length 

Area 

1/x - 2.0 
lA2 * k.0 

Pitching mcaaent 

-lar aceelerstion x - 0.5 

76 
On 

Mode 1 

38 
0' 

7.5 
x) .O 

13.66 
3.53 
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(a) S t e r n  view. 

(b 1 Side view. 
Figure 2,- Photographic  views of XJL-1 float  tested in Impact Bash. 
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Figure 3.-  XJL-1 f l o a t  a6 t e s t e d  with freedom in trim. 



F i g u r e  4.- Side view of load measuring truss  used in XJL-1 t e s t s .  
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Figure 6,- View of  control-position transmitter adapted to measure 
angular displacement. 



.- . . 

2 

0 
P 

P 

P 
3: 
2 
0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



. . .  . . . . .   . .  . . . . . . . . . 
' '  I 

0- . 
r 
m 

Figure 7 . -  Photograph  ahowing  eeveral  pressure  gages  flush-mounted i n  
H 
0 
6l h u l l  bottom. 

. .  



t :  t 0 .. . .. 
N A C A  RM NO. L6103 

e *  
. e  

e** 
0 . .. 
0 .. c... .. .. . 0 .. 
C .  . . .. . ...... 

0 .  



NACA RM NO. L6103 

Time after conf-5~ f i  mt 

5 q u m  9. - Tms. h/stor/es of pressures ut dlfferenf sfaf/ons 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

on XJL-I ~ I O ~ ~ O W ,  during Impact 7 j T = -3 Oj 

t$,= /26 f fsec j  Yy = 9.9 f /&. 
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